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SUMMARY 
Measurements of mean  pitot  pressure, static pressure,  and  total  temperature  have 
been  made in the  two-dimensional  turbulent  mixing  region of a wake  downstream of an  
interaction  with a shock-expansion  wave  system.  The  wake  center-line Mach number, 
velocity,  and  total-temperature  distributions  indicated  that (1) the  shock  increased  the 
mixing  and (2) the  expansion  field  that  followed  the  shock  decreased  the  turbulent  mixing. 
The  overall effect of the  shock-expansion  wave  interaction  was  dependent on the  orienta- 
tion of the  expansion  wave  with  respect  to  the  intersecting  shock  wave. Wake growth 
rates determined  from  the  total-temperature  profiles  confirmed  the  increased  turbulent 
mixing  effect of the  shock.  These  data  could  be  used  to  validate  nonequilibrium  turbu- 
lence  modeling  and  numerical  solution of the  time-averaged  Navier-Stokes  equations. 
INTRODUCTION 
Scramjet  combustors  contain  fuel-injector  struts  that  generate  leading-edge  shocks 
and  base  expansions  that  intersect  the  supersonic free turbulent  mixing  regions of adja- 
cent fuel-injector struts. Supersonic combustor design must consider the effects of 
these  shock  and  expansion  interactions  on  the  supersonic  turbulent  fluctuations and mean 
flow  downstream of the  fuel-injector  struts. 
Although a great  deal of interest has been  generated  in  the  characteristics of turbu- 
lent  fluctuations  downstream of a shock  interaction  in  connection  with  noise  generation 
studies (refs. 1 to 8) and of turbulent  fluctuations  and  mean flow  in  shock-wave  boundary- 
layer  interactions  (refs. 9 to 18), few  researchers  have  examined a free turbulent  mixing 
region  downstream of shock o r  expansion wave interactions. Results from most super- 
sonic  free  turbulent  mixing  investigations  influenced by pressure  gradients (refs. 19 
to  25), as well as basic  theory,  indicate  that a positive  pressure  gradient (as created by 
a shock  wave)  may  increase  turbulent  mixing  whereas a negative  pressure  gradient (as 
in an expansion region) may decrease turbulent mixing. However, Ortwerth (ref. 26), in 
analyzing  the  mixing of two supersonic  nonreacting  gases,  notes a different  effect of a 
shock  on  turbulent  mixing. He points  out  that  fuel  injectors  which  minimize  shock  waves 
should increase turbulent mixing. The basis of his  argument is that  the  interacting  shocks 
dissipate  energy  that is not  then  available  for  turbulence  production  and  dissipation. 
The  purpose of the  present  investigation is to  delineate  the  mean  flow-field  struc- 
tu re  of a turbulent free mixing  region  in a shock-expansion  wave  interaction. A s  
mentioned  earlier,  such  interactions are important  in  the  mixing  region  downstream of 
fuel injectors in supersonic combustors. Since the experimental configuration is two 
dimensional,  the  experimental  data  can  also  be  used as a test case  for developing  turbu- 
lence  modeling  in  state-of  -the-art  compressible  Navier-Stokes  numerical  solution 
procedures. 
SYMBOLS 
h  wake-generator  base  height, 1.27 cm 
K constant in velocity  defect  turbulence  model 
M Mach  number 
PO tunnel  stagnation  pressure,  Pa 
Pst static  pressure,  Pa 
Pt, 2 mean  pitot  pressure,  Pa 
Rd Reynolds  number  based  on  probe  diameter 
TO 
tunnel  stagnation  temperature, K 
Tt local  total  temperature, K 




velocity  defect, 
X coordinate in  flow stream  direction,  cm 
Y coordinate  p rpendicular  to  flow  stream  direction,  cm 
y1/2 wake  half-width  based on velocity  profile,  cm 
( y 1 4  T 
wake  half-width  based on total-temperature  profile,  cm 




C center  line of wake 
e viscous  wake  edge 
m measured 
05 free s t ream 
Abbreviations: 
SGS shock-generator  shock  (see  fig. 12) 
SGRS shock-generator  recompression  shock  (see  fig, 12)  
WGRS wake-generator  ecompression  shock  (see  figs. 7 and 12) 
The  astericks in figures  15  to  19  denote  probe  shock  interference  effects. 
APPARATUS AND TESTS 
Model 
The  mixing  region  selected  for  the  present  investigation was the  two-dimensional 
turbulent  wake  behind  the 3.2' total  angle  wedge  (base  height of 1.27  cm and  a  length of 
22.86 cm) shown in figure 1. A photograph of the model is shown in figure 2 .  The 
inside  surfaces of the  model  side  supports  were  at 0' angle  with  respect  to  the  main  flow 
direction  to  minimize  disturbances  that would contaminate  the  two-dimensional  wake. 
Oil-flow  photographs  showed  that  the  corner  flow  disturbances  were  small  and  propagated 
into  the  two-dimensional  region of the  wake  at  an  angle l e s s  than  that of the  leading-edge 
shock from the model side supports. Calculations indicated that the side support disturb- 
ances  did not c ros s  the  region  being  surveyed  until 35 base  heights  downstream, and  the 
data show that they had a negligible effect beyond this location. The model was mounted 
on the  tunnel  floor  such  that  the  wake  generator  was on the  tunnel  center  line  at 0' angle 
of attack.  Static-pressure  orifices  and a thermocouple were mounted in the wake- 
generator  base as shown in figure 1. The  static-pressure  orifices  were  used  to  check 
the two dimensionality of the  model  flow  field,  and  the  thermocouple  was  used  to  monitor 
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the  model  temperature  before  and  during  the  runs. A 10' wedge shock generator, mounted 
below the wake generator,  had a base  height of 1.27  cm  and a length of 7.37 cm.  The 
shock  generator  was  rotated to generate  various  strength  shocks for the  interaction 
studies  and  was  removed  for  the  no-shock  turbulent  wake  surveys. 
In order  to  minimize  the  model  temperature  changes  during a run,  the  model  was 
preheated  prior  to  each  run by passing  low-speed  heated air through  the  tunnel. A s  a 
consequence of using  this  procedure,  model  temperature  changes  were  limited  to  13 K, 
less than 4 percent of tunnel  stagnation  temperature.  The  model base temperatures  were 
generally 0.81 to 0.84 of the  tunnel  stagnation  temperature. 
Test  Facility 
The  present  investigation was performed  in  the  Langley  20-inch  Mach  6  tunnel;  this 
facility is a two-dimensional blowdown tunnel  which  exhausts  to  atmosphere or  vacuum 
with  operating  pressures  3  to 35 atm (1 atm = 101 325 Pa) and  stagnation  temperatures 
up to 589 K. Reference 27 gives further details concerning the tunnel. The operating 
pressure  and temperature  for  the  present  tests  were 34 atm and 505 K, respectively, 
resulting  in a Reynolds  number of 26.2 x lo6  per  meter.  
Survey  Probes 
Surveys of mean  pitot  pressure,  total  temperature,  and  static  pressure  were  simul- 
taneously  made  at  various  locations  downstream of the model. As shown in figures 3 
and 4, the  three  probes  were  mounted on the  traverse  rake  such  that  the  tip of each  probe 
would be at the  same  downstream  location.  The  probes  were  mounted far enough apart  
on  the rake  to avoid  probe  interference  from  the  leading-edge  shocks of adjacent  probes. 
In order  to  minimize  angle-of-attack  errors at each  downstream  location,  the  probe was 
aligned with the wake center-line flow angle. For the  no-shock  surveys,  the  probe  angle 
was 0'; for  the  shock  surveys,  the  probe  angle  near  the  intersecting  shock was equal  to 
the corresponding shock-generator angle. With increasing distance downstream of the 
intersecting  shock,  the  probe  angle  was  decreased  to  align  with  the  local  wake  center-line 
flow  angle as determined by extrapolating  the  previous  upstream  measurements. 
Static-pressure  probe.-  The  most  difficult  measurement  in  the  present  investiga- 
tion was the  static  pressure.   Static-pressure  probe  measurement  errors  in  supersonic 
flows  depend, at least, on local  Reynolds  number, Mach number,  angle of attack,  pressure 
gradient,  shock  interference,  and  probe  configuration. 
The  most  common  static-pressure  probe  configuration is the  cone-cylinder  probe 
shown in figure 5. Matthews (ref. 28), Behrens (ref. 29), and Williams (ref. 30) have 
examined  the Mach number  and  Reynolds  number  sensitivity of the  cone-cylinder  static- 
pressure probe  for  several  cone  angles  and  orifice  locations.  Pinckney (ref. 31) has 
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investigated a static-pressure  probe  consisting of a cone  followed  by a tangent  conic 
transition  to a cylinder.  The  advantage of the  Pinckney  probe is the  proximity of the ori- 
fice holes  to  the  cone  tip  and  the  small  angle-of-attack  sensitivity. 
Several  cone-cylinder  probes  with  different  orifice  locations and a Pinckney  probe 
were  tested at Reynolds  numbers  based on probe diameter Rd of 5000 to  65 000 and 
Mach numbers M of 3.33 to 6.0. The cone-cylinder probe with the orifice locations 
shown  in figure  5  was  the least sensitive  to  Reynolds  number  and  Mach  number  effects; 
therefore, it was  selected  for  the  static-pressure  surveys. 
Figure 5 shows  the  variation of the  static  pressure  measured with the probe pStym 
divided by the actual static pressure pStya as a function of Rd and M for the selected 
probe.  The  data  indicate  that  the  static-pressure  measurements  were still quite sensi- 
tive  to Mach number and Reynolds number in the low Reynolds  number  range.  Figure  5 
indicates  the  typical  Reynolds  number  and Mach number  encountered  on  the  wake  center 
line and the wake edge. By using  the  calibration  curves,  the  corrected  static  pressures 
are generally accurate to within *5 percent.  These  static-pressure  errors  result  in 
velocity  errors of 0 . 5  to 1.0 percent. 
The  main  limitation of the  present  static-pressure  probe is angle-of-attack  sensi- 
tivity  and  pressure  gradient  effects. Only two orifice  holes  are  drilled 180' apart  on  the 
probe  to  minimize  the  angle-of-attack  sensitivity.  Estimates of the e r r o r  due to angle of 
attack  and  pressure  gradient  effects are discussed  later  when  the  wake  survey  data  are 
analyzed. 
Total-temperature  probe. - A shielded  thermocouple  probe,  constructed as shown 
in  figure  6,  was  used  for  the  total-temperature  surveys. A probe  calibration  over 
Rd = 5000 to 65 000 and M = 3.33  to 6.0 showed that the total temperature measured 
by the  probe w a s  equal  to  tunnel  total  temperature  within *0.5 percent. 
~ ~~ 
Mean pitot-pressure  probe.- A 0.152-cm-diameter  tube  flattened  to  an  opening of 
0.046 cm  was  used as the  pitot-pressure  probe.  The only problem encountered with the 
pitot-pressure  measurements w a s  in the vicinity of the shocks. Because of the probe's 
finite  size,  the  measurements  sometimes  indicated a gradual  pressure change across  the 
shock  rather  than  the  expected  sharp  jump.  The  data  affected by the  presence of the 
shock  were  omitted. 
- -  . 
Data  Reduction Procedures 
Because of the  interdependence of Mach number  and  measured  static  pressure, it 
was  necessary  to  use  an  iterative  procedure  to  calculate  the Mach  number  and  velocity. 
The following procedure was used: (1) the measured static pressure pStym was used 
as an initial  guess  for  the  actual  static  pressure  to  calculate Mach  number  and  velocity; 
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(2) this  first guess  for static 
figure 5; (3) the new value of 
pressure  was corrected by using  the  calibration  curves from 
static  pressure was used to calculate a new value of Mach 
number  and  velocity;  and (4) the  iteration  process  was  continued  until  the  difference 
between  the new and  previous  value of Mach  number  was less than 0.0001. 
RESULTS AND DISCUSSION 
Two-Dimensional  Turbulent  Wake 
Before  the  wake-shock  interaction  flow  field was examined, a detailed  survey  was 
made of the basic two-dimensional turbulent wake. Figure 7 shows a schlieren photo- 
graph  and  schematic  diagram of the  basic  turbulent  wake.  The  locations of the  viscous 
wake  boundaries,  shocks,  and  expansion-fan  leading  edges  were  determined  from 
schlieren photographs, pitot-pressure surveys, and static-pressure surveys. Figure 7 
shows  that  the  wedge  boundary  layers  separate  at  the  wedge  base,  becoming free shear  
layers  which  expand  around  the  wedge  base  and  merge at the  wake  center  line  generating 
the wake recompression shocks (WGRS). The region between the recompression shocks 
consists of a viscous  wake  surrounded by inviscid  flow.  References 32 to 36 present 
further  details  concerning  the  basic  characteristics of two-dimensional  turbulent  wakes. 
For the  survey  stations shown  in  figure 7, pitot  pressure  total  tempera- 
ture Tt, static pressure pst, Mach number M, and velocity U a r e  given in figures 8(a) 
to 8(e) and table I. The  pitot  pressure,  total  temperature,  static  pressure, and velocity 
profiles have  been  nondimensionalized,  respectively, by the  tunnel  stagnation  pres- 
sure  po, tunnel stagnation temperature To, free-stream static pressure pSt,oo, and 
free-stream velocity U, ahead of the wake-generator leading-edge shock. The static- 
pressure  profiles  in  figure  8(c)  have  been  corrected  for  effects of Reynolds  number  and 
Mach number. 
The  profiles  indicate  the  pitot-pressure and static-pressure  jumps  that  occur 
across  the  wake  recompression  shock (WGRS), the  uniform  total-temperature  region 
outside  the  viscous  wake,  and  the  expansion  regions  outside  the  recompression  shocks. 
Figure  8  shows  that  the  Mach  number,  velocity,  and  total-temperature  defects  vary, 
respectively,  between 30 to 17 percent, 7 to 3 percent,  and 4 to 1 percent  in  the  region 
x/h = 1 2  to 59. In this  same  region  the  static-pressure  profiles  indicate only small 
static-pressure  variations  in  the  viscous  wake.  These  small  static-pressure  variations 
may be caused by the  flow  angle  sensitivity  and  calibration e r r o r s  of the  probe.  These 
variations  can be  analyzed  since  the  actual  static  pressure, Mach number,  and  velocity 
can be estimated in the  wake  expansion  region by using a Prandtl-Meyer  expansion  about 
the  wedge  base.  This  expansion  region is the area  that  has  the  largest  pressure  gradients 
and  flow  angles  and,  thus,  provides a good evaluation of the  usefulness of the  present 
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static-pressure  probe.  The  error  analysis  indicated  that  the  static-pressure  errors  and 
the  velocity e r r o r s   w e r e  *5 percent  and *1/2 percent,  respectively,  in  the  viscous wake 
and 4 0  percent and *1/2 percent,  respectively,  in  the  expansion  region.  These  results 
were satisfactory  enough  to  provide  some  confidence  in  the  static-pressure  results  from 
the  wake-shock  interaction  part of the  investigation. 
An important  aspect of the  basic  wake  study is to  determine  whether  the  wake is 
laminar,  transitional, or  turbulent. The data of reference 37 indicated  that  the  present 
wake-generator  length  was  sufficient  for  the  boundary  layer  to be turbulent before sepa- 
ration at the  base;  however, as shown by reference 20, a turbulent  boundary  layer  may 
relaminarize when  passing  through  an  expansion. 
Demetriades  (ref. 34) has  shown  that  the  wake-transition  location  can  be  deter- 
mined by plotting  the  square of the  reciprocal of the  center-line  velocity  defect  w 
defined as 
'e - 'c 
'e 
w =  
where Ue and Uc denot .e the  velocity at  the  edge  and  center  line of the  viscous  wake. 
The  slope of the  curve is proportional  to  viscosity,  and  therefore, a change  in  slope  marks 
the beginning of transition.  Figure  9  shows  that  the  present  wake  transition  location is 
x/h = 7. Apparently  the  wake-generator  boundary  layer  did  relaminarize, and transition 
occurred  again  in  the  wake. 
After  the  transition  location  was  determined,  the  growth  rate of the  viscous wake 
was  examined  to  determine when the turbulent wake was fully developed. Most investi- 
gators  use the wake half -width y as a measure of wake growth where y is 
defined as 
1 /2 1 /2 
y1/2 = y 
when U = Uc + Ue 2. The wake half-width shown in figure 9 indicates that downstream 
of x/h = 17 the wake growth is proportional to x1/2. This growth rate corresponds to 
the  compressible  fully  developed  turbulent  wake  data of Demetriades  (ref. 35) and  previous 
incompressible fully developed turbulent wake data. (See ref. 38.) 
( )/ 
In addition  to  comparing  the  growth  rate of the  present  data  with  previous  data,  the 
experimental  center-line  velocity  distribution  was  compared  to  predictions by using  the 
implicit  finite-difference  code of reference 39 and a velocity  defect  turbulence  model  given 
in reference 40. Figure 10 shows the comparison for K = 0.036 and 0.03. Wagner 
(ref. 33) has previously used K = 0.036 for  a compressible two-dimensional wake. 
The basic turbulent  wake  data  obtained  in  the first par t  of this  investigation  was 
used as a comparison  case  to  evaluate  the  effects of shock-expansion  wave  interactions 
on  turbulent  mixing. 
Basic  Structure of Wake-Shock Interaction 
Figure 11 shows  schlieren  photographs  (knife  edge  horizontal),  and  figure  12  gives 
the flow-field  schematic  diagrams  for  various  shocks  intersecting  the  basic two- 
dimensional  turbulent  wake  previously  discussed.  These  shocks  were  generated by Oo, 
loo, 15O, and 20' deflections of the  upper  surface of the shock generator. Each photo- 
graph (fig. 11) shows two wakes: the upper one is that of the wake generator, and the 
lower  one is that of the  shock  generator.  The  interaction of interest   here is the  shock- 
generator  shock (SGS) intersecting the upper wake. Because of model location in the 
tunnel,  only  the  schlieren  photographs  for  the 15' and 20' deflections show the  shock 
intersecting  the  upper  wake;  however,  the  other  photographs are of interest  in  comparing 
the  orientation of the  shock-generator  shock  and  expansion  waves. As shown in  figures 11 
and  12,  the  shock-generator  flow  field  consists of a leading-edge  shock, a base  expansion, 
and a recompression  shock, all of which  eventually c ros s  the  upper  wake  being  surveyed. 
The  expansion  region  behind  the  shock-generator  shock  results  in a negative  pres- 
sure gradient along the upper-wake center line downstream of the shock. Figure 13 
shows  the  magnitude  and  extent of this  pressure  gradient  for  the  various  shock  inter- 
actions. The figure also indicates where the intersecting shock-generator shock (SGS) 
crosses the  upper-wake  center  line  and  shows  the  transition  location  for  the  basic  wake 
without intersecting shock. The static-pressure distributions for the 10' and 20' shock- 
generator  deflections  indicate  an  initial  static-pressure  rise  behind  the  shock.  Figure  14 
shows  the  computed  wake  center-line  static-pressure  distribution  for a shock  passing 
through a variable  velocity  region.  The  velocity  profile  used  to  start  the  calculation  was 
the no-shock profile experimentally obtained at x/h = 7.1. The inviscid floating shock 
fitting technique of Salas  (ref. 41) was used  for  the  calculation.  The  numerical  results 
for  the 10' and 20' deflections  indicate  an  initial  static-pressure  jump as the  shock 
c rosses  the  wake  center  line,  followed by an  additional  static-pressure  increase down- 
stream.  The  static-pressure  distribution  for  the 20' SGS and 20' expansion interaction 
is modified  sufficiently so that  the  gradual  static-pressure rise behind  the  shock is no 
longer present. Note that  this  static-pressure  distribution  depends  on  the  expansion-fan 
location relative to the shock. The separation distance between the shock and expansion- 
fan  generation  was 0.35 of the  base  height  for  this  case. It is possible  that a different  sep- 
aration  distance would  give a static-pressure  distribution  with a gradual  static-pressure 
rise downstream of the shock. In numerical  studies of a shock  passing  through  a  mixing 
region,  Walker,  Zumwalt,  and  Fila (ref. 42) have found a similar  increase in  static  pres- 
sure  behind  the  shock. 
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Mean  Flow-Field  Surveys of Wake-Shock Interaction 
Profiles of mean  pitot  pressure,  total  temperature,  and  static  pressure  obtained 
f rom the  shock  interaction  flow-field  surveys  are shown in  figures  15  to  17.  The result- 
ant  Mach  number  and  velocity  profiles are given  in  figures 18 and  19.  The  data  from 
figures  15  to  19 are listed  in tables 11 to V. The  location of the  wake-generator  recom- 
pression  shock (WGRS), the  shock-generator  shock (SGS), and  the  shock-generator 
recompression  shock (SGRS) are labeled  in  figures  15 to 19. Because of limited run 
times,  some of the  profiles  do not  extend far enough  in the  y-direction  to show all of the 
shock  crossings.  Also,  some of the  profiles show the  effects of probe shock interference. 
(The  asterick  has  been  used  to  denote  these  portions of the  profiles.)  The  locations of 
probe  shock  interference are seen as a smearing of the  shock  (fig.  15(c),  for  x/h = 15.0 
and 20.1) or small   increases  in Mach  number or velocity  behind  the  shock  (figs. 18(b) 
and 19(b) for  x/h = 27.4 to 47.0). Note that  the Mach number and velocity should decrease 
rather  than  increase when a flow passes  through a shock.  Except  for  the  cases  where  the 
shock is smeared, a 10-percent  static-pressure  correction would correct  the  shock  inter- 
ference;  this  amount of e r r o r  is quite  reasonable  considering  the  complicated flow  being 
surveyed. 
The  profiles  indicate  that  the  wake is displaced  and  distorted as the  various  shock 
and  expansion  regions  cross  the  wake.  The  largest  changes  occur  in  the  pitot-pressure 
and  static-pressure  profiles;  the  total-temperature  profile  undergoes a displacement  due 
to  the  wake  deflection,  but  the  basic  shape of the  total-temperature  profile  remains  the 
same.  The  characteristic  pitot-pressure  and  static-pressure  variations  in  an  expansion 
region  are  also  seen  in  f igures  15  to 19. 
Figures 20 to 23 present  comparison  profiles of pitot  pressure,  total  temperature, 
and static  pressure  for  the  various  shock-generator  deflection  angles  at x/h = 15.0. 
Mach  number  and  velocity  profiles are presented in a similar  manner in figures 24 to 27. 
These  figures show that  the  expansion  which  follows  the  interacting  shock  makes  it  diffi- 
cult  to  separate  the  effect of the  shock  from  the  effect of the  expansion  and  also  eliminates 
some of the  properties  that  can be used  to  compare  the  shock  and  no-shock  cases.  Fig- 
ures  15  to 27 show that it is impossible  to  define  the  viscous  wake  edge  from  velocity 
profiles;  therefore,  the  integrated  properties of mass  and  momentum  cannot  be  used  to 
compare  the  shock  and  no-shock  cases.  For  this  study,  the  center-line  property  distri- 
butions  and  wake  growth  based  on  total-temperature  profiles are the  only  valid  compari- 
sons between  the  shock  and  no-shock  cases. 
Wake Center-Line  Properties  and Wake  Growth 
Figures 28 and 29 compare the wake center-line Mach number Mc and velocity 
Uc distribution  for no shock  and for various  shock-generator  deflection  angles. 
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Figure  28  also  shows  the  predicted Mach  number  behind  the  interacting  shock  based  on 
the  interacting  shock  angle  and  the  Mach  number  in  front of the  shock.  The  upstream 
Mach  number  was  determined  from  the  no-shock  center-line  Mach  number  distribution. 
The  predicted Mach number  for  the 10' deflection is in good agreement  with the experi- 
mental  data, but the  predicted  Mach  number for  the 20' deflection  shows a large dis- 
crepancy.  This  discrepancy is probably due to  probe  shock  interference  in  that  the 
center-line Mach number  in  the  region  immediately  behind  the 20' deflection  does not 
seem  to agree with  the  data  farther  downstream. 
In a constant  pressure  wake,  the  change8  in  center-line  Mach  number  and  velocity 
at an x-location, as shown in  f igures 28  and 29, would indicate  changes  in  the  turbulent 
mixing;  however,  in  the present  case,  the  inviscid  effects of the  shock  and  expansion 
make it difficult to see  the  changes  in  mixing.  The  shock  decreases  the  center-line Mach 
number  and  velocity at the  shock  location,  and  the  expansion  increases  these  quantities 
in the region downstream of the shock. The inviscid effects of the shock-expansion 
interaction on an inviscid  variable Mach number  profile a r e  shown in  figure 30 for  a 
20' deflection (20' SGS) and a 20' SGS and 20' expansion.  The  inviscid  floating  shock 
fitting  technique of Salas (ref. 41) was  used  for  the  computations with  the experimental 
no-shock profile at x/h = 7.1 as input. 
If the  inviscid  effect of the  expansion on a viscous  mixing  region is estimated  and 
then  subtracted  from  the  experimental  data shown  in figures 28  and 29, the  slope of the 
resultant  center-line Mach  number  and  velocity  distributions  will  indicate  changes  in 
mixing. The inviscid effect of the expansion changes the static-pressure distribution but 
does not change  the  local  stagnation  pressure  (determined  from  the  measured  pitot and 
static pressure) and the total-temperature distribution. Two methods were used herein 
to  eliminate  the  inviscid  effect of the  expansion  behind  the  shock.  The  first  method 
determined  the  center-line  Mach  number  and  velocity  downstream of the  shock  from  the 
local  stagnation  pressure and measured  total  temperature by assuming a constant  static 
pressure  downstream of the shock. The constant static pressure used was the inviscid 
estimate of static  pressure behind  the  shock  which  was  based  on  the  shock  angle  and  the 
no-shock Mach number distribution. The second method determined the change in center- 
line Mach number and velocity due to the expansion behind the shock. The change in 
center-line Mach number  was  determined  from  the  change  in  static  pressure  between  the 
region behind the shock and each of the  downstream  stations.  These  resultant  changes 
in Mach number  and  velocity  were  subtracted  from  the  experimentally  determined  values 
for  each  station.  Figures 31 and 32 present the resulting center-line Mach number and 
velocity  data  for  the two methods  in t e rms  of data  bands.  The  width of the  band  shows 
the  difference in the  values  determined by the two methods. 
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The  predicted Mach  number  behind  the  shock  and  the  experimental  data  in  figure  31 
show a large initial center-line Mach  number  gradient  which  decreases  farther down- 
stream.  Therefore,  the  data  seem  to  indicate a region of rapid  mixing  directly  behind 
the  shock  followed  by  decreased  mixing  farther  downstream  in  the  expansion  region. 
The  dampening  effect, or smaller  Mach  number and velocity  gradient  for  the 20' deflec- 
tion, is particularly  evident  in  the  region x/h = 15  to 50. The overall mixing in the wake 
seemed  to  increase  with  shock  strength  up  to  the 15' deflection. For the 20' deflection, 
the results indicated  overall  increased  mixing  initially  followed by the  same  levels of 
mixing  farther  downstream,  which  was  probably  due  to  the  increased  strength of the 
expansion region following the shock. Therefore, the overall effect of the  shock- 
expansion  interaction is shown to  be  dependent on the  orientation  and  strength of the 
shock  and  expansion  regions. 
Two other  properties  that  can  be  compared  are  the  wake  center-line  total- 
temperature  Tt,c  distribution  and  the  wake  half-width y1/2)T based on the  total- 
temperature profiles where (y1,2)T is given as 
( 
(Y'/2)T = y 
when  Tt = (Tt,e + Tt,c)/2  where  Tt is the  local  total  temperature, T is the  total 
temperature at the wake viscous edge, and T is the center-line total temperature. 
Since  total  temperature is insensitive  to  the  inviscid  effect of shock  and  expansion  regions, 
corrections  for  inviscid  effects  are not required  and  the  viscous  edges of the  wake  can  be 
determined. The center-line total-temperature and the distributions  are  given 
in figures 33 and 34. Because  the  total-temperature  deficit is small ,   there is some  scatter 
in  the  data shown for  the  total-temperature  distribution  in  figure 33. In particular,  the 
data  for  the 0' and 10' deflections in front of the  shock  indicate  higher  center-line  total 
temperatures  than  do  the  data  for  the  no-shock  case.  These  differences  are not believed 
to  be  caused by model temperature  differences  between  the  runs.  Figure 35 shows that 
the  model  temperatures  for  the  questionable  points  were  higher  for  the  no-shock  case  than 
for  the  shock  case.  Therefore,  any  total-temperature  difference  should  have  been of the 
opposite  trend.  Another  possibility  for  the  inconsistent  data  points is the  probe  accuracy 
caused by small  temperature  deficits,  flow  angles, and  shock  interference;  however,  the 
exact  reason  for the high total-temperature  points  in  front of the  shock  cannot be 
determined. 
t , e 
t , c 
(Y14 T 
Although there  is some  scatter  in  the  data  in  figures 33  and 34, the  data are useful 
in  indicating  the  trends of the  total-temperature  and 
(y1/2) T 
distributions as the  shock 
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interaction  strength  increases.  Figures 33 and 34 seem  to  indicate  that  the  center-line 
total  temperature  for  the loo, 15O, and 20' deflections  and  viscous  wake  thickness  for  the 
10' and 20' deflections  increased  with  increasing  shock  interaction  strength.  These 
results  seem  to  confirm  the  increased  mixing  effect of the  shock  seen  in  the  center-line 
Mach  number  and  velocity  distributions.  Because of the small  total-temperature  deficits 
and scatter in the (y1/2)T distribution, the gradients of the  data  in  figures 33 and 34 
cannot  be  examined  for  changes  that would  indicate  the  decreased  mixing effect of  the 
expansion as was  done  previously  with  the  center-line Mach  number  and  velocity 
distributions. 
CONCLUDING REMARKS 
Measurements of mean  pitot  pressure,  total  temperature,  and  static  pressure  have 
been  made  in a turbulent  mixing  region  interacting  with  an  oblique  shock-expansion  field. 
When estimates are made of the  inviscid  effects of the  expansion field and  then  sub- 
tracted  from  the data, the  center-line Mach number  and  velocity  distributions  indicate  an 
increased  turbulent  mixing  immediately  behind  the  shock,  followed by a  decreased  mixing 
region due to the expansion. Total-temperature measurements seem to confirm the 
increased  mixing  effect of the shock. With respect  to  scramjet  combustor  design,  the 
data show  the importance of the  strength and orientation of the  shocks  and  expansions 
that  may be generated by fuel-injector  struts. 
Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
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-0404 -. 334 





- 0  034 -. 000 
032 





















































e 0 2 0  
0021 
DEFLECTION ANGLE 






1 . 000 
1.000 
1 . 000 
1 . 000 
1. 000 
0998 
1.000 . 999 
1 . 000 
998 . 997 






























































































































































- 1 0 8 1 4  
-1 592 






- 0  584 
00 5 32 
- 0  490 
00 4  38 
- 0  394 




- 0 2 5 8  
0.238 
00 2 08 












0 4 1 6  . 484 
538 
596 
0 8 3 4  





pt ,2po  
0021 
0020 . 020 
0 0 1 9  
e018 
0 0 3 0  







0 0 2 6  
023 
0 0 2 3  
0022 
0021 . 020  
019 
0 0 1 8  
017 
0 0 1 6  
e 0 1 5  
0 0 1 4  




e 0 1 8  . 020 
0021 
023 
0 0 2 4  
a 024 





0 0 2 8  
0 0 2 8  
0 0 1 7  
018 
TABLE II.- Continued 
(b) x/h = 15.0 
T t p o  
1 .000  





1 .000  
1 0  000 
1. 000 
1.000 . 9 9 9  
0998 . 997 
0995 . 994 . 993 
0 9 9 2  
0 9 9 1  







0 9 7 9  
0 9 8 1  
0 9 8 6  
0 9 9 0  
992 
0 9 9 3  
0995 
996 . 997 
e 997 
998 . 999 . 999 
1.000 
I.  000 
1. 000 
0998 . 999 
1 .000  
05  38 
0 5 2 1  
0 4 9 1  
0 4  66  












0 9 4 8  
0947 
e947 




0 9 4 6  
0 9  38 




0 9 2 1  
0917 
0 9 1 9  



























































1 e 0 1 6  
1.016 
1 0 0 1 7  







0 9 8 9  
0 9 8 3  
0977 
e981 
0 9 7 8  
0974 
0 9 6 9  
0964 
0 9 6 1  












0 9 8 8  
e987 



















-1 4 36 
-1.284 
-1.154 





- 0  420 
- 0  378 
- 0  306 
- 0  2 3 2  
- 0  198 

































0 0 2 8  
.O26 
025 























TABLE E.- Continued 
(c) X/h = 17.4 
10000 









1 0 000 
1.000 
























































- 0  478 
0.428 
- 0  366 -. 292 
0.2 38 
-0164 -. 106 
- e  062 



















































a 0 2 3  
TABLE II.- Continued 
(d) x/h = 20.1 




1 . 000 
1.000 
1.000 







1 . 000 
1.000 
1.000 
1 . 000 
0 999 . 999 
.999 . 999 
.999 
.999 . 999 . 999 . 999 
0999 . 999 
.999 . 999 . 999 
0998 


























































































40  78 










u / ~ o O  


















1 a 0 0 3  











































































x/h = 20.1 
%/To 
.995 . 997 
.997 
998 
0 998 . 999 




1 . 000 
1.000 
1 . 000 
1.000 
10 000 
1 . 000 
1 . 000 
1 . 000 
1.000 
10000 
1 b 000 
- Concluded 






































































TABLE E.- Continued 


















-2 e 660 
-2.450 
-2 e 598 











- 0  672 
- e  520 
0.448 
-e 398 
- e  3 36 
-e268 
-e 192 





















































T t p o  
le000 
1 e 0 0 0  
1.000 
1. 000 
1 e 000 
1 e 000 
le000 
1.000 
1 e 000 
1 e000 
1.000 
1 e 000 
1 e 0 0 0  
1 . 000 








e 999 . 999 
e 999 . 999 
e 999 . 999 
1. 000 
1 e000 
1. 000 . 999 





















e603 . 579 
e556 
e 5  36 
e614 
e798 













































































1 . O O l  
1 e 003 
1 e0 0  4, 
1 e004 
1 e005 


















1 e 004 
1 e002 
1 e001 



















TABLE II.- Continued 
Y/h 
























028 . 020 . 0 2 1  . 022 



























































TABLE II.- Continued 
(f) x/h = 27.4 
Yh 
-5 a 096 
-4.930 








- 3 a  126 
-2a832 
02.552 
-2 a 302 
-2.122 







- l a 0 3 6  
- a  8 76 
0.696 
- a  606 
-a  498 
0.424 
0.318 
- a  244 
- a  164 
- a  106 



























































T t P o  
1 a 0 0 0  
1 a 000 
1 a 000 
1 a 000 
1 a 000 
1 a 000 
la000 
1 a 000 
la000 
1 a 000 
1 a 000 
1 a 000 
la000 
la000 
1 a 000 
1 a000 
1 a 000 
1 a 000 
1 a000 
la000 
1 a 000 
1 a 0 0 0  



















1 a 000 
1 a 000 
1.000 












































































































































TABLE II.- Continued 
(f) x/h = 27.4 - Concluded 
l e  278 e 029 le000 le033 5.84 a996 
l e 5 1 0  e030 1 e 000 l e 0 4 1  5.84 e996 
le828 e 030 1 . 000 1.059 5.82 m996 
2 e . 0  40 . 028 1 e 000 e948 5.95 e999 
2.110 e 028 1 e 000 e946 5.93 e998 
2.346 e028 1 e000 e947 5 e 9 2  e998 
44 
TABLE II.- Continued 




-4.   206 
-4.052 
-3 946 
-3.  a20 
-3.622 











-1 0 0 9 6  
-0944 
-0  7 38 
- 0 6 0 0  
0.452 
00 306 














7 9 0  
0852 
0918 
0 9 8 0  
1.042 
Pt, 2 p o  
e023 
0 0 2 3  
0022 . 022 
0021 
029 
0 0 2 9  
029 
0 0 2 9  
029 
0 0 2 9  
029 
0 0 2 9  
0 0 2 9  
0 0 2 9  
0 0 2 9  
029 
e028 . 021 
0021 
0 0 2 0  
0 0 1 9  
0 0 1 8  
0 0 1 7  
0 0 1 7  
0 0 1 6  
0 0 1 6  
a016 
0 0 1 6  
a016 
0 0 1 6  
i 017 
0 0 1 7  
0018 
0018 
0 0 1 9  
0020 . 020  
0021 . 022 
0 0 2 3  
023 
0 0 2 4  
a025 
0 0 2 6  
T t p o  
1.000 
1. 000 
L . 000 
1 . 000 
1 . 000 












1 .  000 
1. 000 
1 .000  . 999 
0 9 9 8  
0994 . 989 




0 9 9 2  
0994 
996 
998 . 998 . 998 . 999 . 999 
a 9 9 9  
1.000 
1 .000  . 999 
1.000 
1.  000 
1.000 
pstpst ,  03 
0669 
0 6 4 4  
0 6 2 0  
0 5  96 
05  82 
0 9 8 8  
0993 








1 .000  
0994 
0987 
0 6 2 1  
0 6 3 1  
0 6  38 
06  37 
a637 
0 6 4 0  
0 6 5 0  
0 6 6 4  
e671 
e678 
0 6 8 2  
a687 
0 6 9 0  





0 7 4 6  
0 7 5 5  
0 7 7 0  
0785 





















5 0 9 0  
5.89 
5.87 


































0 9 9 8  



























0 9 8 8  
0 9 9 0  


















2 .  690 
3.032 
Pt,2/PO 
TABLE 11.- Continued 


















































































- 0  188 
0.116 
0. 002 


























































TABLE II.- Continued 
(h) x/h = 38.3 
1.000 
1.000 






























996 . 997 




































0 8 6 8  












































































































TABLE II.- Continued 
(h) x/h = 38.3 - Concluded 
48 
"" 
TABLE II.- Continued 















- 0  9 46 
0.8 38 
0 .738  
00 626 
-0 5 28 
0.4  36 
- 0  342 
- 0  252 
- 0  1 6 0  
- 0  102 
-0008 
0078  . 170 




0 5 8 2  
0 6 8 4  
772 
0 9 6 0  
1.110 
1 . 276 
1 .446  
1 .664  





















0 0 2 6  
0025  
0024  
0022 . 021 . 020 . 020 
0019  
0 0 1 9  
0 0 1 9  
0019 
t 019 





0 0 2 3  
e024 
e020 . 021 
0022 
, 0 2 2  

















1.  000 
1.000 
1.000 





1. 000 . 999 








990 . 994 . 997 
0998 . 999 
1.  000 








1.  000 




























0 9 2 9  
0928  





















































6.  12 
6.   12 
6 .  1 3  
6 .11  
6.08 
6.04 
6 .01  



















































Y / h  
TABLE E.- Continued 
(i) x/h = 43.3 - Concluded 
30256  0027 1. 000 0 9 8 1  5.81 0996 
3.438 028 1.000 1.002 5 079 0995 
3.616 0028 1. 000 1.020 5.79 ,995 
















-1 . 112 
-0986 
- 0  856 
- 0  746 
-0636 
- 0  544 
-0412 
- 0  280 
- 0  142 






































a 0 2 5  
0 2 4  
0023 
0022 





















0 0 2 5  
TABLE TI.- Continued 
(j) x/h = 47.0 
1. 000 
1.000 
1 . 000 
1.000 




1.000 . 999 . 999 . 999 . 999 . 999 
0999 . 999 








.991 . 993 . 995 
996 . 997 
0997 
0998 . 999 . 999 . 997 
998 
1 . 000 
1.000 . 999 . 999 


























09  59 










































































































1.000 . 999 
51 
TABLE TI.- Continued 













- 0  774 
- e  59 2 
0. 5 00 
9. 408 





0 1 4 0  
0238 
0334 
e420 . 494 . 594 
676 
7 6 6  
860 
0938 
1.  026 
1.132 
1.238 


























0 0 2 4  
0 0 2 3  
0022 
0021 
0021 . 020 
0020 
0 0 1 9  
019 
0 0 2 0  
0020 
0021 . 021 
0022 
0 0 2 3  




0 0 2 7  
e 027 
0028 
0028 . 028 
.022 
0 0 2 3  
023 
023 











1 .000  
1 .  000 
a 999 . 998 
996 . 994 
0 9 9 2  
0 9 8 9  
988 
0986 
986 . 987 . 989 











1 . 000 
1.000 
1 a 000 
1 .  000 
1.000 
1 .  000 
1 a 000 
1.000 
1 a 000 
0 9 1 9  
0906 
0 9 0 0  





0 9 7 0  
0979 
a986 
0 9 8 6  
0972 
0 9 6 2  
0955 
0 9 4 6  






















0 6 9 6  
0 7 0 4  
0 7 1 2  
07  20 
a7 3 3  











5 .  81 
5.80 
5 077 
5 .  72 
5.63 
5.57 
5.  50 






5 000  
5 000 
5.02 















6.   21 
6.22 
6.23 
















































TABLE 11.- Continued 
(k) x/h = 55.3 - Concluded 
3.960 rn 02.5 1.000 e786 6.13 




Y / h  
-3  1 7 6  
-3 008 





















0 4 5 2  




0 8 8 4  
0 9 7 0  











0 0 2 6  
0026 




0 0 2 6  
e 025 
0025 















0 0 2 4  
0 0 2 5  
0 0 2 6  
026 
0 0 2 6  
0027 




0027 . 022 
0023 
TABLE II.- Concluded 
(1) x/h = 59.0 
0 9 9 2  
0 9 9 2  
e 991 
0 9 9 1  
e992 
0 9 9 2  
0 9 9 2  
992 
9 9 1  
990 










0 9 7 9  
0984 
0 9 8 6  
0987 







0 9 9 1  
0 9 9 1  
991 
0 9 9 1  
991 
e 990  
0 9 9 1  
0 9 9 1  
p s t p s t ,  00 
0893 
0 8 9 0  
0 9 0 3  
e925 
0934 
09  37 
0 9 4 0  
0945 
09  46 
0 9 4 0  
0 9 3 8  
0 9 4 0  
0926 
0 9 2 0  
e915 
0 9 1 2  
e9 11  
0 9 0 9  
0 9 0 9  
0 9 0 9  
0 9 0 3  
0 9 0 1  
0903 
0 9 0 6  
e911 
0 9 1 7  









0 9 8 2  






















5 .  10 
5 0 0 1  
5 0 1 0  
















6 .  1 9  






0 9 9 1  



































TABLE III.- EXPERIMENTAL DATA FOR 10' SHOCK-GENERATOR 
DEFLECTION ANGLE 




















- e  562 
-0450 
- e  350 
-0312 
-.274 
- 0  230 
-0186 




























0 0 2 5  
0 0 2  3 








023 . 021 
0019 



































1. 000 . 999 
0998 . 999 . 999 
0997 . 994 
0991 . 985 . 977 
a 970 
960 
970 . 974 
976 
976 . 975 . 974 
a 975 . 979 
980 . 987 . 994 . 998 
1.000 






















861 . 845 
0811 





8 5 0  . 8 4 5  
837 
827 
802 . 812 . 800 
810 . 787 
*793 . 789 
816 



















































































0 8 5 8  















TABLE m.- Continued 
(a) x/h = 7.1 - Concluded 














TABLE III.- Continued 








- 2 . 0 8 4  
-1.852 
-1 638 









- 0  212 
-0186 
0.142 
- a  104 
- 0 0 7 0  
- a  03 2 







































a 0 4 3  
















a022 . 024 




















998 . 999 
1.000 
1 a 000 
1.000 . 998 
a985 
a981 . 979 . 977 . 978 




a 987 . 989 
991 . 993 
0 996 . 998 
998 
.999 . 999 
1.000 
1.000 






































































5 . 8 0  
5 a55 














































0961 . 939 
a923 





















11111 l1l111l1111 l.IIIIIIIlIIIIIIIl1111 
TABLE III.- Continued 
(b) x/h = 12.1 - Concluded 
1.656 a 0 1 9  1.000 476 6.09 1.015 
1.782 e 0 2 0  1. O G O  512 6.80 1.014 
1.894 .02 1 1.000 b 552 6.69 1.012 
2.012 e022 1.000 . 595 6.60 1.011 
58 




-2 0 080  
- 1 0 7 9 8  
-10610 
-1 0 44 2 
-1 e 278 
-1.078 
9.978 
- a  89 2 
- 0 7 5 2  
- 0 6 2 0  
we472 
- a  360  
"236 







a 1 9 0  
0 2 5 6  
a 3 0 6  
e 340  





a 542 . 574 
a 6 0 6  
a632 
e 658 
a 6 0 6  
a726 




a 9 7 2  
1.028 
. -. . " ~ ~ ~ ~  ~ ~~ 
p t , 2 p o  
0 0 2 6  
.O26 
0 0 2 5  
0 0 2 5  
0 0 2 4  
a024 
0 0 2 4  
a 023  
0 0 3 6  
a036 
a 0 3 7  
a037 
e 0 3 6  
a 0 3 6  
0 036 
0 3 7  
0 3 7  
a039 
a040 




0 0 3 9  
a035 
0 0 3 2  
a 0 3 0  . 028 
e 027  
0 2 6  
a026  
a027 . 028 
e 029  








a 0 4 9  
0 0 5 0  
e 0 5 1  
TABLE III. - Continued 












1 . 000 
1.000 





1.000 . 999 
994 
986  
m98 1 . 9 7 7  . 975 . 975  
a977 
a 9 8 1  
a986 
a 990 . 99 4 



















1. 3 6 1  
1.417 
l a  5 0 3  

















l a  998 
2.014 
2.032 












6 0 7 9  
6.71 
6.51 




6 - 2 0  







5 0 1 7  
5.14 
5 0 1 3  
5.15 
5 e17 
5 a 1 8  
5 a16 
5 a07 

























1 a 0 0 7  
1.007 












0978 . 9 7 9  
a979 
a980 
a 9 7 9  






0 9 2 1  
m919 




a 9 4 1  
m946 
a 9 5 1  
0 9 5 7  
m964 
9 6 8  
e 9 7 1  . 974 
a975 . 975  
a976 
59 
TABLE III.- Continued 






















0020 . 021 
0 0 2 2  
0 0 2 3  
0 2 4  
1.000 
1.000 
.999 . 998 . 990 
998 . 998 
998 

















































- 0  524 
-a440 
- a  396 
- a  348 
- 0  302 
0.252 
-0210 
- 0  140 























































0 0 2 8  
0028 















TABLE m.- Continued 
(d) x/h = 17.4 
Tt P o  
1 . 00.0 
P . 00.0 
10000 
1 0  000 
10000 
1 a 00.0 
1 . 00,o 
1. 000 
1.000 
a 999 . 999 
a 998 
998 
























































1 b 741 
1. 750 
10 76 1 
10774 





































5 a 0 8  
4.93 
4076 








4  a61 
4.72 





























































3.  266 





4 . 4 2 6  





0 0 2 6  
a027 
0 0 2 8  
e030 
















0 571  
630 

























































































0 0 2 8  
029 
e030 
















0048 . 020 
0021 
0021 
TABLE IIL- Continued 
(e) x/h = 20.1 
le000 
1 e 000 
1.000 





1.000 . 997 
0995 










. 997 . 998 . 998 . 998 . 998 . 998 
998 . 998 . 998 . 999 . 999 . 999 . 999 . 999 

































































4 0 9 0  


















































0 9 8 4  
0984 
0984 
e 9 8 2  
63 
TABLE In.- Continued 
(f) x/h = 22.4 
Y/h 
-2.496 
- 2  300 











- 0  384 
- 0  196 
' 0  0.03 8 
01 3 8 
































































0 0 4 3  
a043 


































a 999 . 999 
10000 



























1 a 307 
10323 
1.345 
l a  365 
10  379 
la396 
10411 
l a  429 
l a  455 
































































































TABLE m.- Continued 











































































































a 992 . 988 




998 . 998 
a 999 
.999 . 999 . 999 . 999 . 999 . 999 
1.000 . 999 
a 999 
1.000 







527 . 543 




















l a  125 
la141 
l a  150 
1. 165 
l a  19 1 
1. 214 








l a  528 



















6 0 0 0  
5.86 
5.67 












































.991 . 984 . 979 
0978 
0977 
0977 . 978 
a981 


















a987 . 987 
65 
Y/h 
TABLE III. - Continued 
(g) x/h = 27.4 - Concluded 
3.950 a042 1.000 l a  728 5.42 a986 
4 a 060 a 043 1.000 l a  776 5 841 a986 
4.222 l 044 1.000 l a  842 5 a30 e 9 0  5 
4.382 a 065 18000 la903 5.34 a984 
4.564 a 046 1.000 1.966 5 a31 a98 3 

















































. 020 . 020 
.021 . 022 
e022 
e023 
e 0 2 4  
024 



































TABLE Ill- Continued 
(h) x/h = 32.4 
1.000 
1.000 














0995 . 997 
998 . 999 . 999 
1 . 000 
1.000 
w 999 . 999 
1.000 



























729 . 755 . 779 . 792 
807 
























































5 e 9 0  
































































TABLE m.- Continued 















e816 . 974 
1.122 
l e  268 
1.432 
1.516 
1 e 5 6 2  





































.022 . 022 






020 . 020 
e 0 2  1 . 022 
e023 
0023 
e 0 2 5  
0026 
e027 














TABLE lZ.- Continued 





















989 . 990 . 993 
936 
0998 . 999 . 999 
999 . 999 
l a  000 
















~ 7 8 7  . 784 . 179 . 774 

















































































5 e 6 1  
















1 e 004 






























5 7 9 0  
6.040 
6 t 2 7 0  
6,488 




7 .  2 0 4  
Pt,2/po 
TABLE IIL- Continued 
(i) x/h = 38.3 - Concluded 
a039 
0 0 4 1  
0 0 4 2  
042 
0 4 3  
0 0 4 3  
0044 
0 0 2 7  
0 0 2 8  










1 . 539 
1 .602 
1.  665 
1.723 














0 9 9 4  
0 9 9 2  
991 



























e 0 2 3  
.O26 
0027 



















TABLE m.- Continued 




















0 998 . 999 
999 




















1 0  000 
10000 
























































































5 e 6 5  
71 
TABLE III.- Continued 
(j) x/h = 43.3 - Concluded 
7* 944 0 4 2  1.000 1. 590 5 e64 . 992 
8.192 043 1.000 1. 638 5.62  m991 
8.326 e 0 4 3  1.000 1.667 5.61 e 9 9 1  
72 
TABLE m.- Continued 






- 0  770 





























































0017 . 018 
0018 
4019 

































1.000 . 998 . 995 
991 
990 . 989 
989 
0 990 
992 . 994 
998 . 999 
1.000 
e 999 . 999 . 999 . 999 . 999 
10000 
1.000 


















503 . 497 
496 
496 . 497 

















769 . 785 
805 
826 . 847 












































































































8 . 0 3 8  
8 2 5 2  
8 . 5 0 4  
TABLE III.- Continued 
(k) x/h = 47.0 - Concluded 



































6 . 1 4  
6 a 0 9  
6.03 
5.96 




















-1 a 754 




- a  63 2 
-a434 
- a  252 
-0068 



















































e 020  






a 0 2 0  
a021 
a 0 2 2  
a022 
a 0 2 3  
a 0 2 3  
a 023 
a023 
a 0 2 3  
a 023 
a 023 
a 0 2 3  
a024 









TABLE ID.- Continued 


















999 . 999 




999 . 999 
a 999 
a999 . 999 
a 999 
a 999 
c 999 . 999 
a999 . 999 
a 999 . 999 
1 a 000 
1.000 































































































1 a 006 
1a006 
1.006 



































1 a 009 
1.008 






TABLE m.- Continued 
(1) x/h = 55.3 - Concluded 
60926 0031 1.000 951 6023 1.004 
7.102 e031 1.000 0 970 6019 1 .004  
70 386 0 0 3 2  1.000 1.012 6.16 1.003 
7 0 6 0 2  0832 1.000 1.038 6.11 1.002 
7.968 0033 1.000 1.092 6.00 1. 000 
76 
TABLE III.- Continued 




-1 8 1  4 
-1 53 6 
-1 268 
0.926 
0 0  660 
- 0 4 6 8  
-0232 
- * 1 1 4  
0 0 3 6  





0 7 5 2  































0 0 2 6  
0 2 6  
0 0 2 6  
0 2 6  
e 0 2 5  
0 2 4  
. 0 2 2  
e022 







0 0 2 1  
0 0 2 1  
0 0 2 2  
0 0 2 4  
e024 . 020  . 0 2 1  







- 0 2 5  
- 0 2 5  








0 0 3 1  
T t P o  
. 999 







1e00G . 998 
0993 
992 
9 9 1  
0 9 9 0  
992 . 993 




1. 000 . 999 . 998 . 998 
990 . 999 . 998 
0998 . 99 8 . 998 . 999 . 999 . 999 . 999 . 999 . 999 . 999 




pstps t ,  cfl 
. 794 . 788 . 778 
776 
768 . 754 . 748 . 739 
726 
718 




7 0 1  
700 
7 0 1  
e 705 
7 1 1  
720 
730 
746 . 754 
5 2 0  
5 3 1  . 539 
5 5 1  
5 6 1  
569 . 588 
605 
0624 
6 4 1  
6 6 1  
689 
705 
727  . 755 
789 . 834 
862 
e 890 . 943 












6 0 0 6  
6 000  
5 089 





5 . 8 4  
































1 0 0 7  
1.005 
1 004 




0 9 9 2  
0 9 9 1  
0 9 9 1  
e 9 9 1  
0 9 9 2  
0995 



















1 0 0 9  
1. 0 0 8  
1. 007 






TABLE III. - Concluded 
(m) x/h = 59.0 - Concluded 
7 e  290 e033 1.000 1.038 6.18 1.003 
7r202 a 0 3 2  1.000 1.012 6.12 l a  002 
TABLE IV.- EXPERIMENTAL DATA FOR 15' SHOCK-GENERATOR 
DEFLECTION ANGLE 
(a) x/h = 15.0 
Y/h 
-4.895 



























0295 . 397 































0022  . 022 
030 
0029 . 028 
0036 
e038 
e039 . 040 
e041 


















1.000 . 999 









1 . 000 
1.000 
1.000 
1 e000  
1.000 . 998 . 998 . 999 








1 . 000 
1.000 









991 . 994 
e998 
1.000 
996 . 997 
































































































































































( 4  
pt,2/po 

















e 0 3 5  
x/h = 15.0 - Concluded 
T t p o  
1 moo0 
1 moo0 












1 . 000 
1 moo0 



















1 .071  
1.131 
1.199 






























1 e 0 0 3  
1 e 0 0 3  
1 moo2 
1 e 0 0 2  












-3 7 6 0  
-30 408 









-0  5 30 
-2,086 
-. 3013 
- 0 0 5 6  
044 
0182 . 3 4 4  
0 486 
0658 
0 7 5 6  
0 8 7 0  





1 0 5  78 
1.694 
1.806 
1 .930  
2.030 









3 .   194 
Pt,2/PO 





e 0 1 6  
0016 
0 1  6 
0 0 1 6  
0016 
0 0 1 6  
0020 
0021 
0 0 2 7  
028 
0029 
0 0 2 9  
0 0 3 0  





0 0 3 6  
037 
037 
0 0 3 7  
0 0 3 6  
0 0 3 5  
0 0 3 3  
0 0 3 2  
0 0 3 1  
031 
0 0 3 2  
0 0 3 3  
003 5 
0 0 3 7  
0038  
0 0 4 0  
e043 
0044 
0 0 4 6  
048 
0 0 4 9  
0 0 5 0  
TABLE W.- Continued 










1.000 . 9  9.9 




1.  000 
1 .  000 











1 . 000 . 997 . 993 
991 
0991 . 994 
998 
1.000 . 999 
0 9 9 6  . 999 . 999 . 999 . 9 9 9  . 999 . 999 . 999 
p s t p s t ,  00 
0 9  30 
e 903 
0 4 8 6  
e4 87 
04  75 
0473 




04  34 
e909 
0 9 0 9  
1.108 
1.1  22 
1.153 



































6.  32 
6 .  37 
6.49 
6 .  5 3  
6. 60 















5.  48 
5.40 
5 0 2 9  





















1 .006  





1 . 0 1 1  




0 9 8 8  
0 9 9 0  













09   71  
0968 
0967 




0 9 8 0  
0983 
0986 
0 9 8 9  
0 9 9 1  




TABLE N.- Continued 
Y/h Pt, 2 p o  
(b) x/h = 20.1 - Concluded 
999 
999 











p s t p s t ,  w M 
82 
TABLE IV.- Continued 


















- 0  982 
0. 676 
- 0 5 1 2  
- 0  284 

























Pt, 2 p o  
i o 1 9  
.018 
0018 . 018 
0017 
e017 






0 0 1 7  
0018 
0019 




0022 . 022 
0 0 2 3  
0 0 2 4  
















0 0 2 4  
025 
e026 . 027 
a027 
.028 
T t P o  
1.000 
1.060 
1 . 000 
1.000 
1.000 
1 . 000 
1 . 000 
P . 000 
1. 000 
1 .000  








1 . 000 
1.000 
1.000 
1 .  000 
1.000 
1 . 000 
1.000 








996 . 998 
1 . 000 
1 . 000 












0 9 8 0  
0953 
0 9  56 
.945 
0599 
0 6 0 4  
0 6 2 3  
.6 36 
0 6 5 4  
0 6 9 8  
0748 
0776 
e 8  1 1  
0 8 4 4  
0 8 7 9  
0 9 1 8  
.9?4 













































































0 9 8 6  
0986 
.998 

















0 9 8 1  


















































a 0 4  1 







1 a 0 0 0  
1 e000 
1 . 000 
1 a 000 
1.000 
l a 0 0 0  
1 a 000 






























































-1 0044  
- 0 7 1 0  
0. 3  48 
8 2 8  . 450 






















i o 2 4  
0 0 2 4  
0 0 2 4  
e024 
024  
0 0 2 4  
0 0 2 4  




002  3 
0022 
b o 2 0  
a 0 1 5  
n o 1  5 










b o 2 1  . 022 
e 0 2 3  
0 2 3  
b 023 
TABLE W.- Concluded 





1 b o 0 0  
1 . 0 0 0 ,  
1 .000 '. 
1.000 
1 . 0 0 0  
1.000 




1 b 000  




1 . 000 . 9 9 9  . 999 
leOOQ 
1 . 000 
1 .  000 
b 995 
b 999  
1 b 000 
1 boo0  
















0 9 2 9  
e926 
05 7 8  
0 5 9 1  
e601 
6 0 9  
625  
6 4 1  
0 6 5 7  




8 0 4  







































0 9 8 6  








e 9 8 8  
a988 
0 9 8 6  
098 3 
0 9 8 1  
e976 
098 7 
0 9 8 4  
e984 






0 9 9 0  







TABLE V.- EXPERIMENTAL DATA FOR 20' SHOCK-GENERATOR 
DEFLECTION ANGLE 



























































































T t p o  
1.000 


























































06  90 
06 34 













































































































































































TABLE V.- Continued 
(a) x/h = 7.1 - Concluded 













998 . 999 
1. 000 
1.000 
1 e 000 
1.000 
1.000 

























































































TABLE V.- Continued 


























































TABLE V.- Continued 











1 e 000 
1.000 
1 e000 
1 e 000 
1.000 
1.000 






1 e 2  46 
le229 
le226 


























TABLE V.- Continued 
(c) ir/h = 1510 
Y/h Pt,2/PO 




1 .000~  
10000 '  
1 e 000'  
P .000 













1 0 0 0 0  












1 0  000  
10000 
10000 
1 0  000 
1 0  000 
10000 
10000 
1 . 000 












TABLE V.- Continued 
(c) x/h = 15.0 - Concluded 
pt,2/po T t p o   p s t p s t ,  00 M 
072 1 e000 3.792 4.77 
073 1.000 3.829 4.79 
e075 ie ooo 3.882 4.81 
e 076 1 e000 3.825 4 .89  
035 1 e000 le400 5 049 
e 0 3 5  1.000 le418 5.48 









TABLE V.- Continued 
(d) .x/h = 17.4 
Y/h 















































0’0 3 0 
0032 



























0 0 4 2  
045 





0 0 5 6  


















1 . 000 
1 e000 
1.000 
1.000 . 999 . 998 
0995 







0997 . 997 . 998 


















1 i4  15 



















































































































































TABLE V.- Continued 



















































TABLE V.- Continued 
( e )  x/h = 20.1 
Y/h 











l e  504 
10586 
1.672 



































































e0 3 3  
0 0 3 4  






e 0 4 5  










1 . 000 
























998 . 999 
1.000 . 999 
1.000 










































































































































0946 . 949 
0952 
e954 





4 i068  








pt ,2po  
TABLE V.- Continued 
(e) x/h = 20.1 - Concluded 
046 









T t p o  
1 e000 
1 e 0 0 0  
1 . 000 
1 . 000 
1. 000 
1.000 




































TABLE V.- Continued 
(f) x/h = 22.4 















2 .   734 
2.836 



































0 2 9  
0 0 3 0  
0 0 3 1  
0032  
0033  















0 0 3 0  
032 
e034 








0 0 4 9  
0 0 5 0  
0 0 5 0  
0 5 2  




























0999 . 999  . 999 




1 a000  
1.000 







1 . 0 0 0  


























2 0 0  46 



















2 07 35 
2.779 







5.  20 
5. 08 













4 0 0 1  
3 097 





















4 a 8 2  
4.83 
4 . 8 4  
0 9 9 1  .’ 
0988  
0985 
























































pt , 2 p o  
TABLE V.- Continued 
(f) x/h = 22.4 - Concluded 
0058  . 859 
060 
061  




































4 0 9 1  
4.94 






0 9 7 0  




TABLE V.- Continued 



































































































1 e 0 0 0  
1.000 


















1 e000  
1 e 000 
1 e000  


























































































































































TABLE V.- Continued 
(g) x/h = 27.4 - Concluded 
7.882 060 1. 000 3 00 19 4.91 
8.146 0062 1.000 3.101 4.92 




TABLE V.- Continued 
(h) x/h = 32.4 
Y/h 






























































0018 . 018 
0018 
0019 
0020 . 020 
0021 












0022 . 022 
0022 
0022 




































1 . 000 
1.000 . 998 
0995 
0994 





















0 6 5 4  
06  70 























































































































TABLE V.- Continued 






















































0 9 8 1  
101 
TABLE V.- Continued 
(i) x/h = 38.3 
Y / h  
-0366 
0.052 . 228 



































































019 . 020 . 020 











































0998 . 998 
0999 
0999 . 999 

























































6.  34 
6.29 
6.23 

























































































TABLE V.- Continued 
(i) x/h = 38.3 - Concluded 
10000 
10000 
1 0  000 
1.000 
1 0  000 
10000 
1 0  000 





TABLE V.- Continued 
(j) x/h = 47.0 
Y/h 









































































e017 . 018 
e019 
019 








. 998 . 999 







1 . 000 
1.000 











990 . 989 . 989 
0989 . 989 
e991 
0993 









1.000 . 999 
Pst/Pst,m 
08 39 































0 8  06 
0 8  15 
e827 




















































































































9 0 3 1 0  
Pt,2/P, 





1 0 000 
10000 
1 0 000 
10000 
1 0  000 
10000 
10000 
1 0  000 
pstps t ,  M 
? 
t - 7 * 3 7 j i  
Deflection angle 
LI;1 I 
(shown at loo) 




k- Side support 
b 
+ 





7 Shock generator 
Base view 
Figure 1.- Two views of wake-shock  interaction  model.  Linear  dimensions are given  in  centimeters. 




t " ~~ 
2.79 cm 
-3.81 cm 3.81 cm" 
1, 
(a) View from top of tunnel. 
Pitot  pressure  Static  pressure  Total  temperature 
(b) View from  upstream. 
Figure 3.- Two views of t raverse  rake. 
I 













0 4.55 0 4.0 
3.33 
Typical Rd and M i n  wake 
Center l ine  
Edge 
\ ‘\ 3.33 to  4.55 
.061- cm dim; 
.8: 
0 10 20 30  40  50 60 
I I I I I I 
Rd 
Figure 5. - Static-pressure probe calibration. 
.279 cm 
59- cm swagged .013-cm chromel- 
alumel thermo- 
couple wire 
.018 by .279 cm 
180° apart 
Figure 6. - Total-temperature  probe  configuration. 
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x/h = 0 
,-Center l i n e  of tunnel 
x/h = 7.1 
-4 t 
-6 ' I I I I I I I I 1 1 1 1 1  I I .  I 
61- 
4- - - x/h = 22.4 x/h = 20.1 
- 
2 -  & WGFG 2 
WGRS - 
Y/h 0 - - 




I I 1 I 1 I I 1 I 1 I I I I I I 
0 . 01 .02 * 03 .Ob 0 . 01 .02 03 .04 
Pt ,*/Po Pt,2lP, 
(a) Mean pitot pressure. 
Figure 8.- Profiles  for two-dimensional turbulent  wake. 
113 
-6 4 t"4 t I I I 1 I I 1 I I 
YP 0 
-2 
-4 I x/h = 38.3 
-6 I I 1 I I 1 1 1 I 
6 -  - 
4 -  x/h = 47.0 - x/h = 59.0 II 
8 
2 -  - 









I I I I I I I I 1 I I I I 1 1 I 
0 .01 .02 .a3 ..Ob 0 .01 .02 .03 .04 
Pt,2/Po Pt,21Po 
(a) Concluded. 
Figure 8. - Continued. 
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.. I 
T x/h = 7.1 
Y l h  0” 2l -P- P -2 I 
-6 I I 1 
-6 I I I 1 I 
t l l l l l ,  
II x/h = 17.4 
I I  1 I I I 
6 -  r 
4 -  - x p  = 22.4 x/h = 20.1 
2 -  - 
“ 0 - 0  - - J 
Y/h 




I I I I I I I 1  I I I J 
.95  .97 .99 1.01 .95 .97 .99 1.01 
Tt IT, T t P O  
(b) Total  temperature. 




x/h = 27.4 
Y/h 0 
-2 
I 1 I 1 I I 
4 
2 




6 -  - 
4 -  - x/h = 59.0 €I x/h = 47.0 N 
2 -  - 






I 1 1 I I I 1 I I I I I 
.95 .97 .99 1.01 .95  .97  .99 1.01 
Tt I To Tt ITo 
(b) Concluded. 
Figure 8.- Continued. 
116 
6 
4 F  
x/h = 7.1 
-4 t 
-6 L I I I  I 1 I 
-6 L 1 1 - I  1 I I 
r 
L . I - I I I 
- 1 1  I I I I 
6 -  
4 -  
- 
x/h = 20.1  - x/h = 22.4 




-6 I 1  I I I J L - .  J 1 1 1 I I 
0 1.0 2.0 3.0 0 1.0 2 .0  3.0 
Pst /P , t  ,- P s t I P s t  ,- 
(c )  Static pressure. 
Figure 8. - Continued. 
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4 -  ' x/h = 27.4 







I 1 I I I I 
YP 
I x/h = 43.3 
6 -  
4 -  
- 
r/h = 47.0 - f f  x/h = 59.0 
YP O 2 -  





-6- I I I I I I 
I I I 1 I I 
0 1.0 2.0 3.0 0 1.0 2.0 3.0 
P S t l P S t  ,- PSt lPSt  ,- 
(~).,Concluded. 
Figure 8. - Continued. 
118 
'F x/h = 7.1 
6 r  





x/h = 20.1 
r 
Ir r/h = 17.4 
i 9, was 
t 
1 x p  = 22.4 
2 4 6 
M 
a 
(d) Mach number. 





x/h = 32.4 
-6 1 I I I I I .  I 
6r 
4 -  
2 -  






-6 1 I I 1 1 I 8 1  




2 4 6 a 
M 
(d) Concluded. 
Figure 8. - Continued. 
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-4 
-6 I I I I 
- 
I I I I 1 1 
.82  .86 .go .94 .98 1.02 
u/u, 
-4 t 
x/h = 17.4 L x/h = 20.1 
-4 t 
-6! .  I I I 1 I I 
.90 .94 * 98 1.02 
t 
I I I I I I I 
.go .94 .98 1. a2 
u/u, u/u, 
(e) Velocity. 
Figure 8. - Continued. 
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x/h = 22.4 
-6 
6 r  
-4 t 
-6 lrllrrl 
6 -  
4 -  
- 
x/h = 47.0 - 









1 I I I I I 1 1 1 1 I 1 
- 
.go .94 .98 1.02 .90 .94 - 98 1.02 
u/u, "&a 
(e) Continued. 
Figure 8. - Continued. 
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4 8  
2 -  
Y h  0 
-2 
-4 - 




Figure 8. - Concluded. 
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1200 
(1/Wl2 8 o t  
400 
0 I 1 1 1 
0 10 20 30 40 50 60 
x/h 





Figure 10.- Comparison of experimental and theoretical  center-line  velocity 
distributions for turbulent  wake. 
12 5 
x/h = 3.7  5.7 7.7 9.7 
1 I I 
x/h = 3.7 5.7  7.7 9.7 
I I I I 
Oo deflection 
x l h  = 3.7  5.7 7.7 9.7 
loo deflection 
xlh = 3.7  5.7 7.7 9.7
15O deflection 20° deflection 
L- 77- 380 
Figure 11.- Schlieren  photographs of shock  interactions  resulting  from  various 









Leading-edge shock (SCS) 
(a) 0' shock-generator deflection angle. 
Figure 12 .- Schematic  diagram of shocks  interacting with  two-dimensional  turbulent  wake. 
11 
15 .O 







2.1 1.1 3.3 
Wake generator 
Leading-edge shock 
(b) 10' shock-generator deflection angle. 
Figure 12. - Continued. 
55.3 





Recompression shock (WGRS) 
Shock generator 1 LExpansion.  fan 
with upper surface 
at 15’ 
. .  . 
(c) 15’ shock-generator  deflection  angle. ,;. i 
, 
Figure 12.- Continued. . . I  . . I_ .. 





x/h = 0 7.1 
Tunnel center   l ine  
[ shock A Wake generator Leading-edge 
i I \ \  ' I 
Leading-edge- 
shock (SGS)  






/- Center l i n e  of viscous wake 
".Y 
Shock-generator expansion fan 
\--Shock generator with upper 
surface at  20' 
(d) 20' shock-generator deflection angle. 
Figure 12. - Concluded. 
15OSGS OOSGS oo 'SGRS ~OOSCRS I Oo expansion 
' Shock-generator  deflection 
0 "%:,Sk 







I Pst   , c   Ps t  ,w 1.5 ..- 
1.0 - 
.5 - Trans i t i on  loca t ion  
for no shock 
_i .. -~ - ! - 1  .1 1 1 .  
0 10 20 30 40 50 60 
x/h 














4 -  
lO'SGS 
2- 
20'SGS and 20' expansion 
0, I I I 1 
7 0 9 10 11 
x/h 
Figure 14.- Wake center-line static-pressure distribution  downstream 
of shock and  expansion interactions  predicted by inviscid calculation 
method of Salas (ref. 41). 
x/h = 17.4 
1 I I I I I I 1 
i 
x/h = 
1 I I I I I I I I 
6 r  
4 -  
7 
x/h = 22.4 x/h = 27.4 - 
2 -  
WGRS - 
. , - o - o ~  
SGS 
Y/h a -  - 
-2 
I I I I I I I J I I I I I I I I -6 
- -4 
- - 
WGRS & SGRS 
- 
0 . a1 . a2 03 .Ob 0 . 01 .02 .03 .oh 
P t   , 2 p o  pt,2po 
(a) 0' deflection. 
Figure 15. - Pitot-pressure  profiles  for  various  shock-generator deflection angles. 
x/h = 32.4 
6r 
x/h = 43.3 
-2 
-4 







x/h = 55.3 
SGRS 
c x/h = 47.0 
I I I 1 1 L t  1 I 
r 
L x l h  = 59.0 
SGRS 
1 I I I I 1 I I I 
0 .ol .02 * 03 .Ob 
Pt ,2po  
(a) Concluded. 
Figure 15.- Continued. 
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61[ 
x/a = 12.1 
4 1 x/h = 15.0 
I I I I 1 I I I I I I I I 1 I J 
,010 ,020 .030 .Ob0 .050  .O15 .025 .035 ,045 * 055 




x/h = 17.4 x/h = 20.1 
# / 
- 
/ WGRS & SGS Is SOS 2- - 
Y/h 0 
- r*iGRs -2,- 
- - “ 0 4  ””~~ 
-4,- 
I 1 I I I I I I I I I I I I 1 I -6 
- 
.015 * 025 - 035 .Oh5 .OS5 -015 - 025 035 .Ob5 .055 
Pt,2/PO  pt ,21% 
(b) 10’ deflection. 
Figure 15.- Continued. 
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X/h = 27.4 SGS T x/h = 22.4 4 
Y l h  
x/h = 32.4 
6 -  
4 -  
2 -  
0 -  
-2 I 1 
t 
I I I I I I I I I 
r x/h = 38.3 




.01 .02 .03 - 05 
Pt ,2po 
(b) Continued. 
Figure 15. - Continued. 
lo r xlh = 55.3 
pt , 2 p o  Pt , 2 p o  
(b) Concluded. 
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Pt , 2/PO 
6 r  
Y h  0 
-2 
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4 -  
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-6 1 I I I I 
' .01 .02 .03 . a4 .05 .01 .02 .03 I I I 
pt y 2po pt ,2po 
(c) 15' deflection. 





I 1 1 I 1 I I I I I I I 
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Pt , 2 p o  
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1 I I I I I 1 I I I I I I 1 
'I 01 .02 - 03 .Oh - 05 .06 -07 ~~ .08 
(d) 20' deflection. 
Figure 15.-  Continued. 
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(d) Continued. 
Figure 15.- Continued. 
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(d) Concluded. 
Figure 15. - Concluded. 
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I 1 I I I I I I 1 I I 1 
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(b) 10' deflection. 
Figure 16.- Continued. 
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x/h = 47.0 E 
x/h = 32.4 
r 
(b) Continued. 
Figure 16.- Continued. 
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(b) Concluded. 
Figure 16. - Continued. 
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(d) 20' deflection. 
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(d) Concluded. 
Figure 16. - Concluded. 
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(a) 0' deflection. 
Figure 17.- Static-pressure profiles for various shock-generator  deflection angles. 
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(a) Concluded. 
Figure 17.- Continued. 
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(b) 10' deflection. 
Figure 17.-  Continued. 
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(b) Continued. 
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(b) Concluded. 
Figure 17. - Continued. 
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(c) 15' deflection. 
Figure  17. - Continued. 
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(d) 20’ deflection. 
Figure 17. - Continued. 
156 
10 
6 -  
8 -  
- 
u/h 4 
2 -  
- 
0 -  
-2 ' I I I I I 1 I 
10 
8 -  
6 -  
Y j h  4 - 
2 -  
0 -  
61-  
4 -  
2 -  




x/h = 32.4 
-2 ' I I I I 1 I 




I 1 1 I 1 I 1 
0 1.0 2.0 3.0 
'Et/'& ,Q) 
Figure 17.- Concluded. 
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Figure 18.- Mach number profiles for various  shock-generator  deflection angles. 
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(a) Concluded. 
Figure 18. - Continued. 
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(b) 10' deflection. 
Figure 18. - Continued. 
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(b) Continued. 
Figure 18. - Continued. 
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(c) 15' deflection. 
Figure 18. - Continued. 
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(d) Concluded. 
Figure 18. - Concluded. 
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(a) 0' deflection. 
Figure 19.- Velocity profiles for  various  shock-generator  deflection angles. 
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(a) Concluded. 
Figure 19. - Continued. 
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(b) 10' deflection. 
Figure 19. - Continued. 
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(b) Continued. 
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(b) Concluded. 
Figure 19. - Continued. 
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(c) 15' deflection. 
Figure 19.- Continued. 
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(d) 20' deflection. 
Figure 19.- Continued. 
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(d) Concluded. 
Figure 19. - Concluded. 
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(b) 0' deflection. 
Figure 20.- Pitot-pressure, total-temperature, and static-pressure  profiles 
for 0' shock-generator deflection angle  compared  with no-shock case at 
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(a) No shock. (b) 10' deflection. 
Figure 21.- Pitot-pressure, total-temperature, and static-pressure  profiles 
for loo shock-generator deflection angle  compared  with  no-shock case at 
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(a) No shock. (b) 15' deflection. 
Figure 22.- Pitot-pressure, total-temperature, and static-pressure  profiles 
. for 15' shock-generator deflection angle compared with no-shock case at 
x/h = 15.0. 
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(a) No shock. (b) 20' deflection. 
Figure 23.-  Pitot-pressure, total-temperature, and static-pressure  profiles 
for 20' shock-generator  deflection angle  compared  with  no-shock case at 
x/h = 15.0. 
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(a) No shock. (b) 0' deflection. 
Figure 24.- Mach  number  and  velocity  profiles for 0' shock-generator 
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(a) No shock.  (b) 10' deflection. 
Figure 25.- Mach  number  and  velocity  profiles  for 10' shock-generator 
deflection  angle  compared  with  no-shock  case  at x/h = 15.0. 
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(a) No shock. (b) 15’ deflection. 
Figure 26, - Mach number  and velocity  profiles  for 15’ shock-generator 
deflection angle compared with no-shock case at x/h = 15.0. 
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(a) No shock. (b) 20' deflection. 
Figure 27.- Mach  number  and  velocity  profiles  for 20' shock-generator 
deflection  angle  compared  with  no-shock  case at x/h = 15.0. 
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Figure 28.- Wake center-line Mach number distribution. 
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Figure 29.- Wake center-line  velocity  distribution. 
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Figure 30.- Wake center-line Mach number  distribution  downstream of 
shock  and  expansion  wave  interactions  predicted by inviscid  calcula- 
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Figure 31. - Wake center-line Mach number distribution minus 
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Figure 32. - Wake center  -line  velocity  distribution  minus 
inviscid  effects of expansion. 
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Figure 33. - Wake center-line total-temperature distributions. 
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Figure 34.- Wake growth determined  from  total-temperature  profiles. 
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Figure 35.- Model temperature  with traverse probe  at .center of wake. 
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